We performed room-temperature sound velocity and density measurements on a 16 polycrystalline alloy, Fe 0.89 Ni 0.04 Si 0.07 , in the hcp phase up to 108 GPa. Over the 17 investigated pressure range the aggregate compressional sound velocity is ~ 9% higher 18 than in pure iron at the same density. The measured aggregate compressional (V P ) and 19 shear (V S ) sound velocities, extrapolated to core densities and corrected for anharmonic 20 temperature effects, are compared with seismic profiles. Our results provide constraints 21 on the silicon abundance in the core, suggesting a model that simultaneously matches the 22 primary seismic observables, density, P-wave and S-wave velocities, for an inner core 23 containing 4 to 5 wt% of Ni and 1 to 2 wt% of Si. 24 25 26
Introduction 27 28
The study of seismic wave propagation and normal mode oscillation are, without doubt, 29 two of the most direct probes of the Earth's interior, providing a remote sensing method to 30 obtain sound velocities and density. However, to derive an accurate compositional model, 31 these seismic observations have to be combined with laboratory-based experiments 32 constraining the density and elastic properties of highly compressed minerals. Based on shock 33 wave measurements, Birch proposed in the early 1950's that the Earth's core was mainly 34 composed of iron alloyed with nickel and some "light element(s)", required to account for the 35 observed density difference between the core and pure iron [Birch, 1952] . Since then, a large 36 number of experimental and theoretical studies addressed the nature and concentration of 37 these light elements (see review by Poirier [Poirier, 1994] ), with several elements proposed. 38
Geo-and cosmochemical arguments suggest that most likely candidates are sulfur [Williams 39 and Jeanloz, 1990; Sherman, 1991; Sherman, 1995 FeS 2 ) in conjunction with data on pure iron, pointed out inconsistencies when considering 46 sulfur as the only major light element, and proposed an Earth's inner core composed of iron 47 alloyed with silicon (2.3 wt%) and traces oxygen (0.1 wt%) [Badro et al., 2007] . However, 48 these results are based on three primary assumptions: 49 a) a linear dependence of compressional sound velocity (V P ) on density ("Birch's law"); 50 b) the P-wave velocity of the alloy is equal to a geometrical average of that of the minor 51 compound and the metal (i.e. ideal mixing behaviour); 52 c) the inclusion of up to 5 wt% Ni has a negligible effect on sound velocity. 53
Further, a clear limitation of this model is that only the aggregate compressional sound 54 velocity was taken into account, whereas the largest discrepancy between the seismological 55 observations and the results from molecular dynamics simulations and diamond anvil 56 experiments is observed for the shear wave velocity [Deuss, 2008] . 57 Therefore, in order to validate the overall proposed model of the core composition, as 58 well as to address the legitimacy and the possible limits of the adopted approximations, we 59 undertook an experimental investigation of (Fe,Ni,Si) alloy samples. Specifically, we carried 60 out sound velocity and density measurements on polycrystalline samples containing 4.3 wt% 61 of Ni and 3.7 wt% of Si, compressed in diamond anvil cell (DAC) to megabar pressures. 62
Details of sample synthesis and characterization, as well as of the inelastic x-ray scattering 63 (IXS) measurements are reported in the next section, while the obtained results are illustrated 64 and discussed in section 3. Our main conclusions are summarized in section 4. 65 66
Experimental details 67 68
Polycrystalline homogeneous samples of silicon bearing iron-nickel alloy have been 69 prepared at high pressure and high temperature. Partial oxidation of silicon metal is a critical 70 issue in the synthesis of silicon-rich iron alloy. The experiment has been conducted at 71 superliquidus conditions to segregate from a SiO 2 glass a (Fe,Ni,Si) metallic blob free of SiO 2 72 inclusions. The starting material consisted in homogenized mixture of high purity metallic 73 and oxide powders of Fe, Si, Ni and SiO 2 , with a 60 wt. % metallic portion relative to oxide. 74
Piston cylinder experiment was carried out at 10 kbars and 1850°C at the Lawrence 75 Livermore National Laboratory, using a standard 1/2'' BaCO 3 pressure cell assembly, with a 76 graphite furnace and a MgO capsule. The recovered metallic blob of about 1 mm diameter 77 was analyzed with an electron probe micro-analyzer operating at 20 kV and 50 nA. Multiple 78 analyses as well as backscattered electron images show homogenous (Fe,Ni,Si) alloy 79 composition without quench textures at least at the scale of imaging and analytical resolution. While no systematic offsets can be observed between data for pure iron and iron-nickel alloy, 124 our velocity measurements for Fe 0.89 Ni 0.04 Si 0.07 are systematically higher, as highlighted by 125 the linear fits to the experimental data ( Figure 2 ). Over the investigated pressure range, 126 Fe 0.89 Ni 0.04 Si 0.07 is approximately 9% faster than pure iron at the same density. We also note 127 that our experimental results compare favourably with calculations on Fe 0.9375 Si 0.0625 128 [Tsuchiya and Fujibuchi, 2009] (Figure 2 ), further stressing that the increase in the sound 129 velocity is solely due to the silicon incorporation with no observable effect due to nickel. 130
To compare directly with seismic models however, our results need to be extrapolated to 131 core conditions. Within the experimental uncertainties, all the datasets exhibit a linear 132 dependence of V P with density (i.e. follow "Birch's law"), as also observed in several other 133 high-pressure experimental and theoretical studies [Vočadlo, 2007;  approximation (see discussion later on), within a quasi-harmonic limit, we assume a linear 136 dependence of the compressional sound velocities with density, irrespective of the specific 137 pressure and temperature conditions. 138
Also, since we are interested in the isotropic aggregate properties, we carefully checked 139 our data for preferential alignment and elastic anisotropy. In the case of non-hydrostatically 140 compressed iron, angular dependence of V P has been documented starting above ~80 GPa 141 for an alloy with 1.2 wt% of Si (gray dashes in Figure 3 ). 180
Considering V S significantly increases the complexity of the problem. Both Fe and 181 Fe 0.89 Ni 0.04 Si 0.07 exhibit values of shear velocities 1 significantly higher than PREM (Figure 3) . 182
The mismatch for Fe 0.89 Ni 0.04 Si 0.07 is even larger than for pure iron. Indeed, inclusion of 183 silicon leads to a much larger increase in V S than in V P , due to a smaller pressure derivative of 184 the bulk modulus (K') that is only partially balanced by a larger value of K 0 . As a result, 185 Fe 0.89 Ni 0.04 Si 0.07 has a larger pressure derivative for V S than pure Fe, which manifests itself as 186 a considerable divergence between the data sets when extrapolated to core densities. Using 187 this model, it is clear that we cannot simultaneously solve for V P , V S and  of the core by 188 simply varying the amounts of Ni and Si or pressure. 
